ABSTRACT: Migration of NaCl, sorbitol or moisture inside fish meat strips was investigated. Meat strips were soaked in 1.5 M NaCl or 2.0 M sorbitol solution at 4∞C and were then cold preserved at 4∞C. The contents of NaCl or sorbitol in the internal deep parts of the soaked meat strips were considerably lower than in the superficial parts. During the subsequent cold preservation of the soaked meat strips, migration of both compounds from the outside to the inside was promoted. The migration rate of sorbitol during the cold preservation was markedly lower than that of NaCl. The moisture content in the superficial parts of the NaCl-soaked meat strips was higher than that in the internal deep parts, while the trend in the distribution of moisture was quite the opposite in the sorbitol-soaked meat strips. Moisture migrated from the inside to the outside in the sorbitol-soaked meat strips during the cold preservation. However, the migration of moisture in the NaCl-soaked meat strips hardly proceeded. These results suggested that the moisture migration was affected by the moisture imbalance as well as by the increase in water-holding capacity of myofibrillar proteins by raising the NaCl concentration in the meat strips.
INTRODUCTION
Sodium chloride (NaCl) and sugars are widely used as food additives for cooking and processing various seafoods. Moreover, the contents of NaCl and sugars in fish meat are known to affect the quality of the final processed products. [1] [2] [3] [4] [5] [6] Therefore, regulation of the content of these additives in fish meat is indispensable in seasoning and processing technology. It is easy to control the contents of NaCl or sugars in minced meat uniformly by mixing. In contrast, soaking has been used as a general and conventional process to increase the content of food additives in fish fillet. However, control of the additive content in the inside of a fish fillet by soaking is not so simple because the permeability and the dispersing ability of food additives in the fillet remain poorly understood.
Recently, we investigated the permeability of NaCl or sugars to control their contents in fish meat strips by the soaking method [7] [8] [9] and have reported that molecular weights of sugars are closely related to the permeability and the dewatering effect by soaking. 7, 8 Furthermore, the previous paper 9 suggested that the dewatering effect of NaCl from the meat strips induced by soaking was competitively affected by the osmotic dehydration as well as by the increase in waterholding capacity of myofibrillar proteins caused by the permeation of NaCl.
However, these results were obtained by measuring the contents of NaCl, sugars or moisture after mincing whole soaked meat strips. In other words, we analyzed the mean value of the contents in the different parts of the meat strips. In the above studies, we noticed that the content of NaCl or sorbitol varied between different parts of the soaked meat strips.
The objective of the present study was to elucidate the characteristics in the distribution and the migration of NaCl, sorbitol or moisture in the inside of the meat strips subjected to soaking and subsequent cold preservation.
MATERIALS AND METHODS

Preparation of fish meat strips
Fish meat strips with uniform size (2 ¥ 3 ¥ 6 cm) were prepared from the dorsal muscle tissue of small yellowtail caught in the Sea of Japan. The yellowtails used were ice-stored within a day after catch before preparation of the meat strips. Dark muscle was removed from the meat strips as much as possible, and the meat strips were instantly subjected to soaking.
Soaking and subsequent cold preservation of meat strips
The meat strips were soaked in double the weight of 1.5 M NaCl, 2.0 M sorbitol or 1.5 M NaCl containing 2.0 M sorbitol aqueous solutions at 4∞C for up to 123 h. The reason why we used 1.5 M NaCl and 2.0 M sorbitol solution is because the osmotic pressure values of both solutions are similar to each other. At appropriate intervals, the soaked meat strips were taken out from the solution and the surface of the meat strips was wiped with filter paper to remove fluid. Then, the soaked meat strips were immediately separated into four layers with a definite thickness from the surface toward the center. The depth of each part from the surface was estimated by measuring the size of the meat strips after removing each layer with a micrometer. Therefore, the depth implies the average distance from the surface of every side of the meat strips. The depth of each part thus estimated was 0-3.0, 3.0-5.7, 5.7-8.8 mm, or deeper than 8.8 mm, respectively. The contents of NaCl, sorbitol or moisture in each part were then measured. Furthermore, the distribution of these components in the soaked meat strips subjected to the subsequent cold preservation at 4∞C for up to 150 h was also investigated in the same manner as in the case of soaking.
Determination of NaCl, sorbitol and moisture
NaCl in the meat strips was determined by thiocyanometric titration after heating the samples with nitric acid. 10 Sorbitol was extracted from the samples according to the method of Yasui et al. 11 with a slight modification and was determined with high-performance liquid chromatography (HPLC) using a TSK Gel Amide 80 packed column (TOSOH Co. Ltd, Tokyo, Japan). Moisture content was estimated by measuring the weight loss after drying at 110∞C for 20 h.
RESULTS AND DISCUSSION
Migration of NaCl and sorbitol in the inside of the meat strips during soaking
As shown in Fig. 1a , the NaCl content in the most external part (< 3 mm) of the meat strips rapidly rose to approximately 0.7 mol/kg after soaking for 3 h whereas a gradual increase in the NaCl content was observed in the most internal part (> 8.8 mm) throughout the soaking time. Consequently, even after soaking for 120 h, the NaCl content in the most internal part (> 8.8 mm) was still considerably lower than that in the external part. The sorbitol content (Fig. 1b) in the most external part (< 3 mm) increased more slowly than the NaCl content. Moreover, only a slight increase in the sorbitol content occurred in the most internal part (> 8.8 mm). The sorbitol content in the most internal part (> 8.8 mm) was approximately 0.2 mol/kg even after soaking for 123 h, although that in the Fish meat strips (2 ¥ 3 ¥ 6 cm) prepared from yellowtail were soaked in (a) 1.5 M NaCl or (b) 2.0 M sorbitol. The meat strips removed from the solution were immediately separated into four thin layers from the surface toward the center. The contents of NaCl and sorbitol in each part were determined.
most external part (< 3 mm) was almost 1.0 mol/ kg. Thus, distribution of NaCl or sorbitol in the soaked meat strips was found not to be even. Comparing the migration rates of both compounds in the inside of the meat strips during soaking, sorbitol migrated more slowly than NaCl as previously reported.
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Migration of moisture during soaking
Next, we investigated the distribution of moisture in the meat strips soaked in 1.5 M NaCl or 2.0 M sorbitol solution (Fig. 2) . The moisture content of each part of the meat strips before soaking was approximately 76.2% irrespective of the difference of the depth. The moisture content of the whole meat strips decreased by the osmotic pressure of NaCl or sorbitol during soaking as reported previously. 9 However, the distribution of moisture in the inside of the NaCl-soaked meat strips was quite different from that of the sorbitol-soaked strips. The moisture content in the most external part (< 3 mm) of the sorbitol-soaked meat strips (Fig. 2b) rapidly decreased in the earlier period of soaking, while the decrease in the moisture content in the most internal part (> 8.8 mm) proceeded more slowly. As a result, a gradient of moisture content from the surface toward the center was formed. For example, the moisture contents after soaking for 72 h were 60.4% (< 3 mm), 60.6% (3-5.7 mm), 65.8% (5.7-8.8 mm) and 69.2% (> 8.8 mm). Further soaking tended to dissolve the moisture gradient, consequently the moisture contents after soaking for 123 h were 60.0% (< 3 mm), 58.2% (3-5.7 mm), 59.5% (5.7-8.8 mm), and 62.6% (> 8.8 mm). Conversely, the moisture content in the most external part (< 3 mm) of the NaCl-soaked meat strips (Fig. 2a) slightly rose by soaking for only 3 h and remained almost constant thereafter. The moisture content of the most internal part (> 8.8 mm) gradually decreased with the soaking time. Consequently, the moisture content in the external part (< 3 mm) was higher than that in the internal part (> 8.8 mm) regardless of the duration of soaking. Thus, the moisture gradient in the NaCl-soaked meat strips was formed in the opposite direction to that in the sorbitol-soaked meat strips. Moreover, soaking of meat strips in NaCl solution for 6 h did not change moisture content in the internal part. It was, therefore, assumed that absorption of moisture from the soaking solution caused the increase in the moisture content in the external part of the NaCl-soaked meat strips. In the latter phase of soaking in NaCl solution, the higher moisture content in the external part (< 3 mm) would be maintained by the equilibrium of the osmotic dehydration and the migration of moisture from the internal part. These results indicated that permeation of NaCl into the meat strips and its migration in the inside of the meat strips during soaking affected the distribution imbalance of moisture in the meat strips.
Migration of NaCl and sorbitol in the inside of the soaked meat strips during subsequent cold preservation
As described above, NaCl, sorbitol or moisture was not evenly distributed in the soaked meat strips. Regulation of the content of these additives, as well as moisture, in the inside of the fish fillet is essential to the quality control of processed seafoods. For example, increasing the content of additives and decreasing moisture content are required to reduce the water activity in the internal part of the fillet. Moreover, raising sugar content in the internal part is indispensable to prevent myofibrillar proteins from the denaturation by frozen-storage of fish fillet. Therefore, we investigated the effects of subsequent cold preservation on the distribution and the migration of NaCl, sorbitol or moisture in the inside of soaked meat strips. Fig. 2 Changes in moisture content in internal parts with different depths from the surface of fish meat strips during soaking. The meat strips soaked in (a) 1.5 M NaCl or (b) 2.0 M sorbitol solutions were separated into four layers in the same manner as shown in Fig. 1 and the moisture content in each part was measured. Figure 3 shows changes in the distribution of NaCl or sorbitol in the meat strips during subsequent cold preservation at 4∞C after soaking in 1.5 M NaCl or 2.0 M sorbitol for 24 h. Both the contents of NaCl and sorbitol in the most external part (< 3 mm) decreased and those in the internal part (> 8.8 mm) increased, suggesting that the migration of the additives from the surface to the center was promoted by the cold preservation. Consequently, the content imbalance of both compounds in the soaked meat strips gradually disappeared during the subsequent cold preservation. However, a slight difference still remained even after preservation for over 100 h, indicating that the migration proceeded very slowly. Comparing the migration rates of both compounds, NaCl migrated more quickly than sorbitol, similar to that found during soaking. Figure 4 shows the changes in the distribution of moisture in the soaked meat strips during the subsequent cold preservation. In the process of the cold preservation of the sorbitol-soaked meat strips, the moisture migrated from the internal deeper part to the external superficial part depending on the moisture imbalance in the meat strips. Consequently, the moisture imbalance tended to dissolve after preservation for 108 h. In contrast, the distribution of moisture was hardly changed by the cold preservation of the NaClsoaked meat strips for 102 h. The reason, presumably, would be that an increase in water-holding capacity of myofibrillar proteins induced by elevation of NaCl content in the meat strips interfered with the moisture migration.
Migration of moisture in the inside of the soaked meat strips during cold preservation
Migration of the components in the inside of the meat strips under the coexistence of NaCl and sorbitol
Sorbitol is frequently used together with NaCl in processing seafoods. Therefore, it is worth investigating the migration of both additives and moisture in the inside of the meat strips soaked in the mixture of NaCl and sorbitol. For this purpose, the meat strips were soaked in 1.5 M NaCl solution containing 2.0 M sorbitol and changes in the distribution of these additives in the inside of the meat strips were followed in the same manner as Fig. 3 Changes in NaCl or sorbitol contents in different parts of the inside of fish meat strips during cold preservation. The meat strips soaked in (a) 1.5 M NaCl or (b) 2.0 M sorbitol solution for 24 h were preserved at 4∞C for 0-108 h. At appropriate intervals, preserved meat strips were separated into four layers in the same manner as in Fig. 1 to determine the content of NaCl or sorbitol in each part. in Fig. 1 . The results obtained are shown in Fig. 5 . The same trends with the results of Fig. 1 were observed in the distribution of NaCl and sorbitol in the soaked meat strips. In fact, the contents of NaCl (Fig. 5a) and sorbitol (Fig. 5b) in the superficial part were remarkably higher than those in the deeper part, even after soaking for 150 h. In addition, Fig. 6 shows the changes in the distribution of NaCl or sorbitol in the inside of the meat strips soaked in the mixture by the subsequent cold preservation. NaCl migrated from the superficial part to the deeper part in the same manner as in the case of the meat strips soaked in the solution containing NaCl alone. Similarly, migration of sorbitol proceeded but more slowly than that of NaCl.
When the meat strips were subjected to soaking in the same mixture (Fig. 7) , moisture migration proceeded during the soaking and the subsequent cold preservation in the same way as that in meat strips subjected to soaking in the solution containing sorbitol alone (Figs 2b,4b) . These results indicated that the osmotic pressure of sorbitol strongly affected the moisture migration in the soaked meat strips even though the water-holding capacity of Increase in contents of NaCl and sorbitol in different parts of the inside of fish meat strips during soaking in the mixture of NaCl and sorbitol. The meat strips were soaked in 1.5 M NaCl solution containing 2.0 M sorbitol. The contents of (a) NaCl and (b) sorbitol in the different parts of the inside of the soaked meat strips were measured in the same manner as in Fig. 1.   Fig. 6 Changes in the contents of NaCl and sorbitol in different parts of the inside of the meat strips soaked in the mixture of NaCl and sorbitol during cold preservation. The meat strips soaked in 1.5 M NaCl solution containing 2.0 M sorbitol for 18 h were preserved at 4∞C. The contents of (a) NaCl and (b) sorbitol in the different parts of the inside of the meat strips were measured in the same manner as in Fig. 3 . Fig. 7 Changes in moisture contents in the different parts of the inside of meat strips during soaking in the mixture of NaCl and sorbitol as well as subsequent cold preservation. The moisture contents in the different parts of the inside of the meat strips soaked in (a) 1.5 M NaCl solution containing 2.0 M sorbitol and (b) subsequently preserved meat strips were measured in the same manner as in Fig. 2. the myofibrillar proteins was increased by the dispersion of NaCl in the meat strips.
From these results, it was concluded that NaCl migrated more rapidly than sorbitol did in the meat strips and their migration caused quite different effects on the moisture migration mode. Although no attention has been paid to the imbalanced distribution of food additives and moisture in the inside of the fish fillet, it has become necessary to disperse food additives and moisture in the fillet uniformly in recent seafood processing technology. Therefore, the results obtained in the present study are considered to be informative for the quality control of seafoods made from fish fillet.
